The binding modes of a new zinc complex derived from 3-(5-bromo-2-hydroxybenzylideneamino)-2-(5-bromo-2-hydroxyphenyl)-2, 3-dihydroquinazoline-4(1H)-one with divalent zinc was studied using both experimental and computational chemistry.
INTRODUCTION
An understanding and predicting of metal-binding sites through complexation is so important in the biological systems especially in proteins to assist in rational design of suitable chemical drugs [1] . Binding sites can be determinates theoretically by several methods using computational modeling which can be considered as useful way to calculate some of important parameters falls under this topic, such as MEP (molecular electrostatic potential) and electronic energy. MEP can be considered as very useful for predicting the possible coordination sites. Its values represent the electron density which reflects the electrophilic attack power. Most favorable sites are those have minima MEP [2, 3] Stability of species evaluated by interaction energy using DFT modeling, can also be used in predicting the real binding mode. The more the negative energy, the more probable stable species. [4] . Ring size and the number of chelating rings play an important role in predicting the most probable structure of the studied possibilities. Complexes contain 5 membered chelate ring without pi-bond been the most stable while 6 membered chelate ring with double bond be the favorite [5, 6] . Due to the metal ligand complexation, increasing the number of chelate rings result in more stable of the complex formed [7, 8, 9] . In this study and on the continuation of our previous work which involved the preparation of new quinazoline compounds which have potent biological activities, especially against cancer, we aim to synthesize new zinc complex. Attempts were curried out to find the relation between HOMO-LUMO energy gap (highest occupied molecular orbital and lowest unoccupied molecular orbital) and binding modes of the ligand using several possibilities of chelation from different donor atoms. The larger the gap, the more stable species due to the higher energy needed for transition state to convert [1, 2] . 
MATERIALS AND METHODS

Synthesis of the ligand
The ligand was synthesized according to literature using the synthetic pathway as shown in scheme 1. 
RESULTS AND DISCUSSION
Geometry optimization Zinc (II) complex was optimized at HF/6-31G levels. A series of divalent zinc chelating possibilities was studied to identify the more possible binding mode. Figure 1 shows the optimized molecular structures of all chelating options studied. HOMO-LUMO energy gap values are listed in Table 1 .
Comparison of all possibilities were done depend on the energy gap values. As can be observed from Table 1, which arranged into three subclasse of bidentate, tridentate then tetradentate chelating modes. It is clearly observed that the most probable chelating sites of the ligand has been started with the two deprotonated oxygen (O19 and O30) with divalent Zinc due its high stability according to the larger HOMO-LUMO energy gap compared to the others [1, 2] , and from this point, the next possibilities was done to determine which is be the most probable tridentate choice. Nitrogen imine (N11) in addition to both O19, O30 being the best probability chelation sites. Finally, the forth probable donor atom introduce in the donation system of this complex is the carbonyl oxygen (O28). All the three selected possibilities being the most stable due the larger value of E-gap in each subclass. Figure 1 shows the optimized geometry of the three most probale complexes yield from the mentioned donation modes. Figure 2 shows a comparison in IR spectra between the ligand and zinc complex spectrums. Appearance absorption band of hydroxyl groups in ligand spectrum and disappear these bands from zinc complex spectrum by deprotonation is an evidence on coordination between hydroxyl groups and zinc ion. As well as occurring shiftingof amidic carbonyl absorption band from 1643 cm -1 to 1615 cm -1 and azomethine group from 1608 cm -1 to 1589 cm -1 . In addition, also appearance a new absorption bands at 538 cm -1 and 488 cm -1 were assigned to and υ(M-N), υ(M-O) bonds, respectively. All these main absorption bands confirmed the formation of zinc complex [11] . 
NMR study:
1 H NMR of zinc complex Figure 3 showed disappeared two singlet signals from zinc complex spectrum compared to 1 H NMR spectrum of ligand ( Figure 4) [10] at 11.27 ppm and 10.57 ppm belonged to two hydroxyl groups this is evidence the coordination between the zinc ion and two oxygen atoms of hydroxyl groups by deprotonation. As well as occurrence shifting of azomethine group (-N=CH-) from 8.56ppm in ligand spectrum to 8.49ppm in zinc complex spectrum, this a good evidence to form the complex [12] . Also ten signals appeared in region between 7.91 -6.48 ppm were assigned to proton atoms of aromatic rings [13] . In addition, two signals, one signal belonged to proton of NH and another signal attributed to proton of CH of quinazoline ring [14] . The signal at 3.3 ppm is attributed to the usual existence of low percentage of moisture contamination in DMSO solvent, while the signal at 2.5 ppm is attributed to residual DMSO-d 5 [15, 16] . All these signals confirm the formation of the zinc complex. 1 H NMR spectrum of ligand in DMSO-d 6 solvent using TMS as reference.
Uv-Visible
As shown in Table 2 , the electronic spectrum of ligand showed three absorption bands 272, 324 and 402 nm attributed to π-π* and n-π* respectively, these bands shifted to lower energy 308, 389 and 413 nm due to the complex formation which confirmed by the appearance of new band in the visible region 440 nm that assigned mainly to charge transfer, no d-d transitions were observed for d 10 configuration of zinc ion. 
Geometry of complex
Suggested tetrahedral geometry of complex has been confirmed by three factors. Theoretical calculations obtained reflect the high stability of tetrahedral geometry compared to octahedral geometry. 0.089 eV , 5.502 eV HOMO-LUMO gap for both octahedral and tetrahedral complex respectively was observed . Theoretical concentration of metal ion in complex have similar values with those of the synthesized complex which demonstrates the complete reaction took place. The proposal geometry (1:1) metal:ligand of zinc complex was confirmed by metal analysis AAs (11.29% calculated and 10.5% found) as well as molar ratio method [17, 18] as shown in Figure 5 using two wave length that could not appear in the Uv-Visible spectrum of both starting materials metal salt and the ligand. 
